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Abstract

Jugular vein thrombosis poses a serious health risk during long-duration spaceflight. The cephalad
fluid shift in microgravity leads to internal jugular vein (IJV) congestion, creating conditions favourable
for thrombus formation, as evidenced by a documented case of deep vein thrombosis aboard the Inter-
national Space Station. Early and reliable detection of thrombosis is critical for crew safety, yet current
diagnostic methods require expert interpretation of ultrasound images, a resource not readily available in
the space environment.

This work investigates, through numerical modelling, the feasibility of a non-invasive approach for detect-
ing IJV thrombosis. The proposed concept relies on monitoring the relationship between two quantities
obtainable during a standard ultrasound (US) examination: the compression force exerted by the US
probe on the neck and the corresponding change in the IJV lumen cross-sectional area during vein com-
pression. The compression force can be recorded by a custom-developed device (JVPdevice) mounted on
a standard US probe, while the vein area is determined through image segmentation of the US recording.
To evaluate this concept, a three-dimensional finite element model of the neck anatomy was developed, en-
compassing the IJV, carotid artery, sternocleidomastoid muscle, and surrounding soft tissue. Thrombotic
conditions were simulated by introducing a thrombus into the vein model with stiffness values of 5, 30,
and 100 kPa (spanning the range reported in literature) and lengths of 2 and 4 cm. For each configuration,
the vein was progressively compressed and the resulting compression force versus vein cross-sectional area
response was evaluated.

The numerical results demonstrate that the presence of a thrombus markedly steepens the slope of the
force-area curve. For a healthy vein, the reference slope was determined at 0.019 N/mm?, whereas simu-
lated thrombotic conditions yield slopes between 0.037 and 0.549 N/mm?, depending on thrombus stiffness
and dimensions. The slope of this curve therefore represents a potential quantifiable indicator that could
distinguish between a healthy and a thrombotic vein during a routine US examination.

Since both required measurements—compression force and vein cross-sectional area—can be acquired
simultaneously during a standard US examination, the proposed approach would be particularly suited
for health monitoring aboard the International Space Station. Future work will focus on experimental
validation of the numerically predicted trends through clinical measurements on subjects with confirmed
1JV thrombosis.



